The present study was carried out to provide a guideline for injecting tribromoethanol (TBE) as the main anesthetic agent, while adjusting the doses of xylazine (X) and medetomidine (M) according to different strains of mice (male ICR, C57BL/6, and BALB/c). Seven intraperitoneal injection anesthesia protocols using TBE and mixtures of TBE and α 2 -adrenergic agonists (TBE/X and TBE/M) were compared in terms of their efficacy and safety (anesthetic duration, death rate, and the development of pathological lesions of abdominal organs). All animals that were injected with a low dose of TBE (200 mg/kg) displayed clear signs of light anesthesia with a strong pedal withdrawal reflex. Despite the good anesthetic effect, a high dose of TBE (400 mg/kg) was not a suitable anesthetic for major surgery in all mouse strains because of the risk of pathologic changes in the abdominal organs, such as retention of the digestive tract, peritonitis, and fibrinoid adhesion. TBE200/X10 and TBE200/M0.5 (TBE, 200 mg/kg; X, 10 mg/kg; M, 0.5 mg/kg) appeared to be safe and provided satisfactory anesthesia in ICR mice. Finally, there were clear differences in anesthetic efficacy among ICR, C57BL/6, and BALB/c strains. TBE/M and TBE/X did not anesthetize BALB/c mice, and it anesthetized C57BL/6 mice for a short time. When administered with TBE/X and TBE/M maintained the sedation of ICR mice. We were able to establish different regimes for each strain (TBE200/X20 for C57BL/6, TBE300/X10 and TBE200/M1 for BALB/c). Our results showed that TBE/X and TBE/M could be recommended as an anesthetic mixture, with the dose appropriately adjusted according to mouse strain.
At all doses of TBE, anesthesia was induced within 1 min of administration. Anesthesia lasted for 10 and 33 min, on average, at 125 and 375 mg/kg, respectively. At 625 and 875 mg/kg, the subject mice perished within 3 min of administration. Although TBE is generally diluted to 1.25% to induce anesthesia in mice, 1.2 and 1.6 mL had to be administered at doses of 625 and 875 mg/kg, respectively, to subject mice whose average weight was 23 g. This was more than twice the recommended dose of 0.5 mL for abdominal injection (Hedenqvist et al., 2003) , leading us to believe that increased abdominal pressure was the cause of death. Accordingly, the experiment was conducted again by diluting TBE to 2.5%. Even at this concentration, between 0.6 and 0.9 mL, which exceeded the recommended dose, had to be administered to subject mice whose average weight was 23 g. The subject mice died within 7.5 min of TBE administration. As the preliminary experimental results indicate, laboratory animals dying due solely to anesthesia can cause major problems in conducting experiments. Experimental results can also be significantly affected by the adverse effects that manifest several weeks later.
In an attempt to reduce the side effects of TBE, Gopalan et al. (2005) have used a combination of a lower dose of TBE and medetomidine in SD rats. It is known that the duration of TBE anesthesia in mice varies considerably with mouse strain (Fish et al., 2008) . However, little is known about the variability of the anesthetic effect of combining TBE and α 2 -adrenergic agonists (xylazine and medetomidine). The present study focused on the different anesthetic effect on each mouse strain (ICR, C57BL/6, BALB/c), and on mixtures of TBE and α 2 -adrenergic agonists that have sedative, musclerelaxant, and analgesic properties (Fish et al., 2008) . These particular strains were selected because they are among the outbred and inbred strains most widely used in biomedical research (Hedrich and Bullock, 2004) .
The first aim of this study was to evaluate the anesthetic efficacy and safety of a low dose (200 mg/kg) of TBE in mixtures with α 2 -adrenergic agonists. The second objective was to determine the different anesthetic effects of the TBE mixtures on the ICR, C57BL/6, and BALB/c strains, to help develop appropriate dose ratios for these various combinations.
Materials and Methods

Animals
Specific pathogen-free male Bkl:BKW-BKW (ICR) mice (body weight 20-29 g; 4-6 weeks old), C57BL/6/Bkl mice (body weight 18-23 g; 4-6 weeks old), and BALB/c/Bkl mice (body weight 19-22 g; 4-6 weeks old) were obtained from NaraBiotech (Pyeongtaek, Korea). All mice were verified free of contagious antibodies, 11 viruses, 15 bacteria, fungi, endoparasites, and ectoparasites prior to shipping by the vendor. After their arrival at our facility, we did not perform health monitoring of the mice. They were housed in a barrier 
TBE preparation
Commercially available 2,2,2-tribromoethanol (TBE) powder (T48402, Sigma-Aldrich, St. Louis, MO, USA) from the same lot number was used for all studies. To prepare a 1 g/mL stock solution, a measured amount of TBE powder was placed into a 50 mL polypropylene conical tube (Becton Dickinson Labware, Franklin Lakes, NJ, USA) that was wrapped in aluminum foil. A micropipette was used to add tert-amylalcohol (240486, Sigma-Aldrich), and the solution was vortexed until somewhat dissolved at room temperature (25 o C). To prepare fresh dilutions of TBE (200 and 400 mg/ kg) in injection volumes of 0.35-0.50 mL, an appropriate volume of sterilized phosphate-buffered saline (P5368, SigmaAldrich) was added to the stock solution and vortexed until the entire stock solution dissolved in PBS at 25 o C. Working solutions were sterilely filtered with a 0.20 µm disposable syringe filter unit (Mixed Cellulose Ester, ADVANTEC ® , Toyo Roshi Kaisha, Ltd., Tokyo, Japan). Through the filtering procedure, working solutions were contained in sterilized glass tubes capped with rubber stoppers and wrapped in aluminum foil. Glass vials were autoclaved, and all glassware was triplerinsed with distilled water before autoclave (the preparer wore gloves). We used freshly made TBE solution for all studies.
Anesthetic administration and monitoring
All anesthetic regimens were administered to study animals via a single intraperitoneal injection in the lower-right quadrant of the abdomen using a 26-gauge 1 mL syringe (Miner et al., 1969; Coria-Avila et al., 2007) . Prior to administration, animals were weighed and doses of anesthetic agents were determined on a mg/kg basis. Each animal was placed back in its home cage until it lost its righting reflex, after which mice were laid on temperature-controlled heating platform (38 o C; JeungDo B&P, Seoul, Korea). Eye ointment (Solco ® , Hanlim Pharm. Co., Ltd., Seoul, Korea) was used to lubricate the outer surface of the eye. Induction time was considered to be from the time of the injection to the time of loss of the righting reflex and hindlimb pedal withdrawal reflex (toepinch response), indicating loss of consciousness (Arras et al., 2001; Buitrago et al., 2008) . Anesthetic duration (surgical tolerance) was defined as the time between the loss and return of reflexes. Recovery time was the time from when the animal regained these reflexes to when the animal was able to right itself and ambulate. To apply pressure uniformly, the pedal withdrawal reflex was assessed using a Touch-Test T M Sensory Evaluator (North Coast Medical, Inc., San Jose, CA, USA) with a target force of 300 g, which indicates a deep pressure sensation, every 5 min (Lieggi et al., 2005a) . A clear attempt to withdraw the limb was judged a positive reaction. All animals breathed room air for the duration of the experiment.
Details of the anesthetic protocols are given in Table 2 . Approximate initial dosages and ratios of the components were determined on the basis of previous experience and a small pilot study on ICR mice (data not shown). First, all the mice, including all the mouse strains, were assigned randomly to four groups, and then serially numbered. The animals were weighed and one of the anesthetic combinations (protocols 1 to 4; Table 2) was administered.
Evaluation of the efficacy of alternative combinations to C57BL/6 and BALB/c
To induce the proper anesthetic effect, alternative combinations to C57BL/6/Bkl and BALB/c/Bkl were determined on the basis of initial dose and a small pilot study (data not shown). C57BL/6/Bkl mice were assigned randomly to one group. BALB/c/Bkl mice were assigned two groups and serially numbered. Ten animals from each group were treated: C57BL/6/Bkl mice with protocol 5 and BALB/ c/Bkl mice with protocols 6-7 (Table 2) .
Pathologic evaluation
For protocols 1 through 7, 5 mice per test group were evaluated for pathology at 1 and 10 days post-injection (dpi). For sham control, 2 and 3 mice were evaluated at 1 and 10 dpi, respectively. Mice were monitored for clinical signs of illness. Mice were humanely euthanized via exsanguination under anesthesia. Isoflurane (Forane ® , Choongwae Pharma Co., Seoul, Korea) was delivered by Vaporizer 100 series (Surgivet, Waukesha, WI, USA). A necropsy was performed and abnormalities noted. In cases with observed abnormalities, the stomach, small intestine, large intestine, liver, spleen, and abdomen wall were collected for histopathological evaluation. Tissues were fixed in 10% neutral buffered formalin. The specimens were embedded in paraffin wax and sections 4-5 µm in thickness were stained with hematoxylin and eosin.
Statistical analysis
All statistical analyses were carried out using SPSS version 14.0K and GraphPad Prism version 4.00 for Windows (GraphPad Software, San Diego, CA, USA). All data were presented as mean±SEM. One-way analysis of variance (ANOVA) was performed with Tukey's adjustment for multiple comparisons, to evaluate differences among the 3 mouse strains for induction time, anesthetic duration, and recovery time. A value P<0.05 was considered significant.
Results
Clinical signs
By day 10 following anesthetic administration, all strains in protocol 2 manifested the following abnormal signs: dehydration, disheveled appearance, porphyrin staining of the eyes and nose, and hunched posture. There were no abnormal clinical signs in other protocols, except protocol 2.
Evaluation of the efficacy of anesthesia protocols in different mouse strains Protocol 1 in all strains produced ataxia and mild sedation. All animals in this protocol had clear signs of only light anesthesia with a strong pedal withdrawal reflex. Average durations of induction, anesthesia, and recovery are shown in Table 3 . Four hundred mg/kg TBE in protocol 2 was a reliable anesthetic that provided surgical anesthesia for approximately 31-39 min in ICR and C57BL/6/Bkl mice, but for a relatively short time (08:48, min:sec) in BALB/c/Bkl mice. The combination of 200 mg/kg TBE and 10 mg/kg xylazine (protocol 3) induced the proper anesthetic depth in ICR and C57BL/6/Bkl mice, but not in BALB/c/Bkl mice. The average anesthetic time for BALB/c/Bkl mice (17:39) was significantly shorter than those for ICR (65:38) and C57BL/6/Bkl mice (73:59).
Evaluation of efficacy of alternative combinations to C57BL/6 and BALB/c
To increase the efficacy of anesthesia, alternative combinations (protocols 5 to 7) were examined (Table 3) . In protocol 5, a higher dose of xylazine was tried on C57BL/6/Bkl mice. This combination was more successful than the original dose of protocol 3. In protocol 3, however, none of the BALB/ c/Bkl mice reached surgical tolerance, even though the xylazine dose was increased by 30 mg/kg (data not shown). When an increased dose of TBE was tried on BALB/c/Bkl mice (protocol 6), 80% of animals reached the proper anesthetic depth, but the death rate was 20%. To increase the efficacy of protocol 4 with BALB/c/Bkl mice, the original medetomidine dose was increased 2-fold. This dose (protocol 7) provided a longer anesthetic duration, as well as higher anesthetic efficacy, than did the original dose of protocol 4 with a similar total sleeping time (anesthetic and recovery duration). In addition, 100% of animals reached surgical tolerance, and all animals survived protocol 7.
Pathologic evaluation
Grossly, 2 ICR mice in protocol 2 had evidence of ileus and thin abdominal walls at 1 dpi. Four ICR mice in protocol 2 had focally extensive areas of fibrous adhesions between the abdominal wall, cecum, and small intestine, which were filled with gas and/or fluid at 10 dpi ( Figure 1B) . Among the C57BL/6/Bkl mice in protocol 2, 5 mice at 1 dpi and four mice at 10 dpi had various degrees of distension in the gastrointestinal tract, supporting a gross description of ileus, and thin abdominal walls ( Figure 1C ). Among the BALB/c/ Bkl mice in protocol 2, 4 mice at 1 dpi and five mice at 10 dpi showed abdominal lesions similar to other strains ( Figure  1D ). Upon microscopic examination, the ICR, C57BL/6/Bkl, and BALB/c/Bkl mice in protocol 2 had serosa of the stomach and small intestine, which had mononuclear cells intermixed with the fibrous tissue (Figure 2 ). There was no inter-strain variability in the gross or histopathological changes that would be considered as TBE side effects.
Discussion
The selection of an anesthetic regimen for use in research depends on the strains of animal as well as species (Arras et al., 2001) . Zeller et al. (1998) reported that no strainspecific difference was observed in strains ICR, OF-1, or NMRI, whereas our results showed that there were significant differences in anesthetic and recovery time, depending on the strain of mice (ICR, C57BL/6/Bkl, and BALB/c/Bkl in this study).
The dose of TBE used in protocol 2 was based on doses reported in the literature (Gardner et al., 1995; Zeller et al., 1998; Thompson et al., 2002) . While the lowest dose of TBE that resulted in adequate anesthesia, based on the toe-pinch reflex, was a dose of 375 mg/kg, the lowest dose that consistently produced adequate anesthesia in all ICR mice tested was 400 mg/kg (Lieggi et al., 2005a) . However, fibrous adhesions between the abdominal wall, cecum, and small intestine, which were filled with gas and/or fluid, were examined in all mice strains for protocol 2.
TBE is unavailable as a pharmaceutical-grade compound, and its use is approved only under stringent guidelines (Fish et al., 2008) . Some researchers concluded that the reported side effects were most likely due to improper mixing and storage of the compound, as well as, inadequate anesthetic support (Lieggi et al., 2005a (Lieggi et al., , 2005b . Although the ICR, C57BL/ 6/Bkl, and BALB/c/Bkl mice in protocol 2, using high-dose TBE, had evidence of serosa with severe fibrosis intermixed with mononuclear cells, those in protocols using the lowdose TBE did not showed any histopathological change or serositis. It is known that these side effects are induced by TBE, per se, but are not related to the solvent used (Zeller et al., 1998; Reid et al., 1999) . Results from our study confirm that the extent of the necrotic and inflammatory changes show TBE's concentration-dependent effects. In conclusion, for long-term studies, a therapeutic concentration (400 mg/ kg) of TBE cannot be recommended for intraperitoneal use in mice without regard to its anesthetic efficacy.
Peritoneal insults such as anesthetic injection are external stimuli. They induce an inflammatory cascade, subsequently causing a reduction in gastrointestinal motility (Person and Wexner, 2006) . In the present study, therefore, local inflammation in the peritoneal cavity could be postulated as the cause for reduced motility. In addition, fibrinolytic enzymes readily lyse fibrin in the normal peritoneal cavity, but inflammation inactivates this system (Hall et al., 1998) . Persistence of intra-abdominal fibrin subsequently will cover the gut with fibrinopurulent exudates that may develop into a fibrinous peel and eventually adhesions (van Goor et al., 1994) . In the present study, therefore, a fibrous adhesion of abdominal organs in mice that received 400 mg/kg TBE was considered the outcome of peritonitis.
The α 2 -adrenergic agonists (xylazine and medetomidine) are potent sedatives with variable muscle relaxant and analgesic activity (Green, 1975) . Although TBE has been used effectively compared to the use of TBE alone. Another advantage of combinations of low-dose TBE and α 2 -adrenergic agonists over high-dose TBE is that both xylazine and medetomidine are known to induce analgesia. The analgesic effects and mechanisms of action for TBE are not exactly known (Lieggi et al., 2005a) , and TBE-involved GABA A -agonist injectable anesthetics are speculated to be poor analgesics (Fish et al., 2008) .
In summary, these findings suggest that the single-use of 400 mg/kg TBE is not a suitable anesthetic for major surgery in all mice strains, because of the resulting pathologic changes in the abdominal organs. It was found that the combination of low-dose TBE and α 2 -adrenergic agonists appeared to induce safe and satisfactory anesthesia. Finally, obvious variations in anesthetic efficacy were found among the ICR, C57BL/6/Bkl, and BALB/c/Bkl mouse strains.
In future, to further understand the underlying pathophysiological changes, we will examine the level of cytokines in protein levels, through ELISA experiments with abdominal lavage fluid and spleen fluid collected from mice treated with low-dose TBE.
